Post-traumatic hemidiaphragm rupture is a rare occurrence with a high mortality rate. The gold standard for diagnosis is exploratory laparotomy, which itself carries a high mortality rate in the emergent setting, as is commonly the case following blunt or penetrating abdominopelvic trauma. In this case, a 31-year-old patient with no significant medical history, who presented following an automobile accident with shoulder and gluteal pain with negative radiologic findings, was discussed. The goal of this case was to increase awareness of a possible alternative to the exploratory laparotomy for hemidiaphragm rupture in the emergent setting associated with lower mortality due to the operation. In this case, diagnostic laparoscopy was performed, and right hemidiaphragm was diagnosed. Repair was made via laparotomy with incorporation of the laparoscopic port incisions into the laparotomy incision. Repair was made using 2-0 interrupted non-absorbable sutures with both the anterior and posterior flaps of the hemidiaphragm supported with large pledgets. The patient tolerated the operation well, and has since recovered completely. This case demonstrates the possibility of utilizing minimally invasive techniques for the diagnosis of isolated diaphragm injury. Additionally, this case highlights the inadequacies of modern imaging technologies for the diagnosis of diaphragm injury, and supports the need of improvement in this technology or an alternative modality with increased sensitivity to rule out diaphragmatic injury.
Introduction
Post-traumatic diaphragmatic rupture is a rare finding in patients who have experienced blunt or piercing thoracoabdominal trauma, with an incidence of 0.8-1.6% [1] [2] [3] and mortality of 5-30%. Left hemidiaphragm injury is much more common than isolated right hemidiaphragmatic injury with 80-90% of ruptures occurring on the left [4] . With right hemidiaphragm rupture, damage to the liver is almost universally present (93% of cases), as is pneumo-hemothorax (90%), and hemoperitoneum is common [5] . Diagnosis is rarely made pre-operatively in right hemidiaphragm rupture, with 0-10% being correctly diagnosed preoperatively. The gold standard for diagnosis is exploratory laparotomy. Surgical repair is necessary even for small defects, as the diaphragm will not spontaneously repair, and the variation in thoracic to abdominal pressures favors herniation of abdominal contents and expansion of the defect. Repair is typically performed through open laparotomy using interrupted non-absorbable sutures, but cases have been reported of laparoscopic repair [6] .
Urgent or emergent laparotomy is not without risks, with a 30-day mortality of 14.9% [7] . As such, an alternative diagnostic procedure to the exploratory laparotomy is needed. A study of emergent laparoscopy for acute abdominal syndromes showed high diagnostic efficacy (89%) with 0% mortality [8] , which demonstrates a promising possible method to replace emergency exploratory laparotomy for hemidiaphragm rupture.
Case Report
The patient studied was a 31-year-old male who was the restrained passenger in a sedan which was impacted on the passenger side by a pickup truck traveling at highway speeds. The patient's vehicle experienced airbag deployment, and demonstrated significant intrusion into the passenger compartment, with portions of the door impacting the patient. Upon EMS arrival to the scene, it was determined that the patient would need to be extricated using the Jaws of Life. Due to a delay in extrication equipment arriving at the scene, the patient elected to self-extricate. The patient noticed significant pain to his right buttock and shoulder, but was walking following his extrication. He refused spinal immobilization, but accepted transport to the local trauma center.
Upon presentation to the emergency department, the patient's primary complaint was pain and tenderness to his right buttock. He additionally noted some dyspnea, some pain and tenderness to his shoulder, and some small cuts to his face that he felt were concerning. On physical exam, vital signs were Right Hemidiaphragm Rupture J Curr Surg. 2016;6(1):33-36 stable, and the patient was noted to have tenderness but no decreased strength or range of motion in both the right upper and lower extremities, some abdominal guarding without tenderness, and decreased lung sounds in the right lower lobe. A stat chest X-ray was performed ( Fig. 1 ) which demonstrated asymmetric elevation of the right hemidiaphragm. Abdominal and pelvic X-ray demonstrated displaced fractures of the anterior rami of the pelvis, and questionable displacement of the right sacroiliac joint. These findings combined with his mechanism of injury, along with the presence of guarding and dyspnea prompted the trauma surgeon to order a CT of the head, neck, chest, abdomen, and pelvis. The CT was interpreted as a congenital asymmetrical variation of diaphragm structure ( Fig.  2 ) with no acute traumatic process to the diaphragm or liver.
There was no free fluid in the abdomen, no hemo-pneumothorax, and no injuries to the aorta, spine, or right shoulder. Upon secondary survey, Murphy's sign was tested and negative, but resulted in increased tenderness to the right shoulder. Despite negative radiologic assessment, physical exam findings indicated a high likelihood of diaphragm rupture. A minimally invasive approach was decided upon for assessment of the diaphragm, and diagnostic laparoscopy was selected as the procedure of choice.
The patient was appropriately prepared for surgery, and a single 5 mm port was inserted just below and parallel to the costal margin in the right mid clavicular line. The peritoneum was inflated, and the camera was inserted. Initial examination demonstrated no free fluid or blood in the peritoneum, and the liver and right hemidiaphragm were located (Fig. 3) . This direct visualization increased suspicion for hemidiaphragm rupture, but rupture could not be definitively confirmed, so a second 10 mm port was inserted. A raptor grasping device was utilized, and gentle anterior pressure was applied at the apparent union of the diaphragm and liver. This pressure resulted in clear visualization of the right pleural space, and collapse of the right lung (Fig. 4) . With hemidiaphragm rupture confirmed, the ports were removed and the surgery was converted to open laparotomy with the incision following the costal margin from the right anterior axillary line to the left sternal bor- der, incorporating both incisions used for laparoscopy ports. Repair was made using 2-0 interrupted non-absorbable sutures with both the anterior and posterior flaps of the hemidiaphragm supported with large pledgets. This repair allowed for increased tension to be placed on the suture without necessitating transection of the falciform ligament as is necessary in most laparotomy repairs of right hemidiaphragm rupture. There was some difficulty driving the knot to achieve adequate tension, but adequate tension was achieved with gentle posterior retraction of the liver with a malleable retractor. Following closure of the abdomen, a chest tube was inserted, and a repeat chest X-ray was obtained, which demonstrated improved symmetry of the diaphragm (Fig. 5) .
The patient was admitted to the surgical floor in stable condition, with improvement in right shoulder pain. He noted that his primary complaint remained pain in his right buttock. Orthopedic surgery was consulted, and determined the pelvic fracture to be non-operative, and that the patient could weight bear. Four days after his accident, the patient was admitted to the inpatient rehabilitation unit where he remained for 2 weeks. He was discharged home from the rehab unit and has since recovered completely.
Discussion
This case demonstrates the advantages of using a minimally invasive method for diagnosis of a suspected diaphragm injury. Further assessment of this diagnostic technique should be performed, but it shows promise as an alternative to the more invasive exploratory laparotomy which remains the gold standard. With the trend of increased use of laparoscopic repair of diaphragm rupture, diagnostic laparoscopy would likely lead to shorter recovery times when compared to laparotomy, but further assessment would be necessary to confirm this.
Additionally, shortcomings of modern imaging modalities are made apparent by this case, supporting the need of a thorough physical exam and careful history when suspecting a rare disease process.
Conclusion
This case demonstrates the need to use clinical judgement and physical exam for diagnosis when radiologic evidence does not support the diagnosis definitively. Additionally, this case demonstrates diagnostic laparoscopy as a reasonable alternative to exploratory laparotomy in the assessment of diaphragm rupture. Further assessment of this as a diagnostic method should be performed prior to any recommendation being made about its suitability to replace exploratory laparotomy for the assessment of suspected diaphragm rupture.
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